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Abstract. Observations of high-excitation molecular emission lines can greatly in-
crease our understanding of AGB winds, as they trace the innermost regions of the cir-
cumstellar envelope. The PACS spectrometer on-board the Herschel Space Telescope1,
provides for the first time the spectral resolution and sensitivity necessary to trace these
lines. We report on the first modelling efforts of a PACS spectral scan for the OH/IR
star V669 Cas. Central to our methodology is the consistent treatment of both dust
and gas by using a line radiative transfer and a continuum radiative transfer code con-
jointly. Water emission lines are found to be extremely sensitive to the dust-to-gas ratio,
emphasizing the need of consistent modelling for dust and gas.
1. PACS and its view
The PACS spectrometer (Poglitsch et al. 2010) on-board the Herschel Space Telescope
(Pilbratt et al. 2010), covers the wavelength range between 50 µm and 200 µm at a
resolution of typically 1000. In comparison to the ISO LWS instrument, PACS offers
a higher resolution and a better sensitivity. With PACS, we can observe a wide range
of molecular emission lines in the innermost regions of circumstellar envelopes (CSE)
of AGB stars, including CO and H2O, which are major coolants and thus important for
determining the thermodynamical structure of these environments.
2. Methodology and preliminary results
Kinematical, thermodynamical and chemical information about the circumstellar shell
is provided by molecular emission lines and dust features. This information is derived
1Herschel is an ESA space observatory with science instruments provided by European-led Principal In-
vestigator consortia and with important participation from NASA.
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Figure 1. An excerpt of the PACS spectrum of V669 Cas (full black). Two models
are overplotted, as well as the molecular transitions for CO, 13CO, o-H2O, p-H2O,
o-H182 O, p-H
18
2 O and SiO at their expected frequencies. Model 1 (full gray) has a
dust-to-gas ratio ψ = 0.001, whereas Model 2 (dashed) has ψ = 0.005.
through the use of two radiative transfer codes. The non-LTE line radiative transfer
code, GASTRoNOoM (Decin et al. 2006), calculates the velocity, temperature and den-
sity profiles of the gas envelope, the level populations of the molecules accounted for
and the emergent line profiles for the different transitions of each molecule. The con-
tinuum radiative transfer code, MCMax (Min et al. 2009), calculates the temperature
structure of the dust envelope and the final SED. In order to get a full understanding
of the entire envelope around an AGB source, both modelling approaches need be used
while maintaining consistency between dust and gas (see Lombaert et al., in prep).
The need for a consistent treatment of both the gas and dust components is im-
portant because of the high sensitivity of the water emission models to the dust-to-gas
ratio. Modelling has shown that CO emission lines do not share this sensitivity. This
behaviour is shown in Figure 1, which gives an excerpt of the PACS data of V669 Cas
(full black), overlayed with two models differing only in the dust-to-gas ratio. This in-
dicates that CO can be safely used to determine the gas temperature profile and the mass
loss rate and that the water abundance profile can then be derived if the dust-to-gas ra-
tio is constrained. Therefore, we suggest to determine the dust-to-gas ratio empirically
from both gas emission (i.e. CO lines) and SED (i.e. dust continuum) modelling, with
a consistent iterative treatment of both gas and dust. Consequently, one can improve
the constraints on the water abundance profile.
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